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Description 

Title of the Invention 

LIQUID CRYSTAL DISPLAY DEVICE 

[Claims] 

[Claim l] A liquid crystal display device in which a reflective layer placed under a hquid 
crystal is formed on any arbitrary inchned plane and incident light is reflected to an 
intended direction. 

Detailed Description of the Invention 
Industrial Applicability 

The present invention is related to a preferred liquid crystal display device used for a 
viewfinder device and similar devices. 

Background art and Problems 

Displaying of television images with liquid crystal is suggested. As such a display device 
needs little electricity to work and it is formed smaller and lighter, suitable to be used 
for a viewfinder device of portable television cameras, for example. 

In Fig.l, (l) indicates a television camera part, a liquid crystal display device (2) is 
placed on upper back surface of the camera (l). Video signals taken by an imaging 
device (not shown in the Figure, l) are suppUed to the liquid crystal device (2) to be 
displayed. 

As a liquid crystal display device (2) is formed in small size generally, a magnifier (3) is 
placed to monitor the display device (2) with magnifying. (5) is a guide to hold the 
magnifier (2) and formed with transparent member so that light from outside is 
illuminated to allow monitoring. 



JP60-16178U 



In reflective liqmd crystal display devices in general, a reflective layer placed beneath 
liquid crystal is formed to be a white scattering surface so that a displayed image can be 
observed in wider angle. 

However, since such a white scattering surface is omnidirectional, the amount of light 
reflected in any arbitrary direction is substantially small, then brightness of the 
displayed image is decreased. 

On the other hand, in the viewfinder device, the monitoring direction is limited, and 
monitoring in other directions is not performed, then reflection of light in other 
directions is not required. 

And more, when the reflected light is projected through any arbitrary optical system, 
the light does not need to be reflected in directions other than a direction of the optical 
system. 

Purpose of the Invention 

The purpose of the present invention is to obtain image display having higher 
brightness with a simple structure, considering the conditions above mentioned. 

Outline of the Invention 

The present invention is a liquid crystal display device in which a reflective layer placed 
under a liquid crystal is formed on any arbitrary inchned plane and incident light is 
reflected to an intended direction so that image display having higher brightness with a 
simple structure can be obtained. 

Embodiments 

In Fig.l and Fig.2, a reflective surface (12) placed beneath liquid crystal (ll) composes a 
liquid crystal display device (2) is formed to be a inclined plane of an triangle shape 
having an apex on each pixel and the surface is processed to have intended reflective 
directional characteristics. (13) is a protective glass placed on the liquid crystal (ll). 
And as shown in Fig.2, when the incident angle of light comes from outside or 
illuminated against the vertical direction to a display surface of the liquid crystal 
display device (2) is a, the angle of the reflective surface (inchned surface) (12) is set to 
a 12. 

As a result, when there is incident light from right or left as shown in the figure, the 
hght is reflected on the liquid crystal display device (2) to the vertical direction, then the 
brightness of the displayed image being seen in the vertical direction is several times 
brighter than a displayed image of conventional hquid crystal display device according 
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to the reflective directional characteristics. 

And in this device, as reflected light from the protective glass (13) travels as shown by a 
broken Une and travels in a direction different from that of the light from displayed 
image, there is no fear that contrast of the image is decreased by the reflection of the 
protective glass (13). 

More over, in the devise mentioned above, the reflective surface (12) is formed to have a 
reflective directional characteristic of 7}{q) (0is an angle against vertical direction). 
This is a characteristic between the conventional white scattering surface and the 
perfect mirror surface. 

Then, when a parallel light comes in, as shown in Fig.5, the reflected light amount lo' at 
the point A is given by the following equation: 



Where lo is amount of the incidental light and /?is an angle formed by both ends of the 
device (2) and the vertical direction seen from the point A. 

When 77(0) is converted to a function of y (x) of distance from the center of a pixel as 
shown in Fig.6, the equation (l) is expressed as^ 



where a is length of the device (2). 

Then when - a/2^ x ^a/2, it is assumed that 

r (x)=Kx2+l 

where K is a constant, lo' is given by tJie following equation: 

Io'=Io a (Ka2/12+1) -(3) 

In the equation (3), when a=l and K=-l; 

To' = (1/12+1) 

= 0.91710 

Then, 91.7% of incident light can be received at the point A. 

In the next place, when a light receiving point A is placed at the point shifted Ax from 
the point A, lo' is given by the following equation: 






And when assumed as same as above mentioned: 
Io'=(K(a/2- Ax)3/3+(a/2- Ax)-K(-a/2)3/3+a/2) 
Then, when a=l, K=-l, Ax=l/4a: 
Io'=0.703Io 



3 



JP60-16178U 



Then the light reception ratio at the point A' is 70.3%. 

That is, when the incident hght is a parallel light, even if a view point is shifted from 
point A to point A, the distance is Ax (=l/4a), a sufficiently bright displayed image is 
obtained in said inclined plane and reflective directional characteristic. 
The similar calculation can be satisfied when illumination is a point source because of 
characteristics of the reflection of light. Then brighter displayed image can be obtained 
when illumination is a point source. 

On the other hand, a light-receiving ratio when a perfect scattering surface is supposed 
to be a reflective surface is obtained as the following. 

At first in order to compare with the reflective surface having directional characteristic 

as mentioned above, the followings are assumed. 

The directional characteristic is expressed as a function of x, 7 (x): 

when -a/2 ^x^a/2 

r (x)=Kx2+l 
when -a -a/2, a/2^x^a 

r(x)=K'(x-l)2 
That is, a characteristic described in Fig. 7. 

As the directional characteristic of a perfect scattering surface is: 
7 (x)=C: constant 

then perform integration on 7 (x) from -a to a to convert into 7 '(x): 

whenK=-l, K'=3, a=l 

27 X '^^)dx 

then r '(x)=7/12 

That is, when the maximum value of r '(x) in -a a is set to 1, the relative size of 
r '(x) is 7/12 as shown in Fig.8. 

Therefore, the reflective light amount lo' against incident light amount lo in case of the 
perfect scattering surface is expressed: 

Io'=J^J^/o7"(*)^ 

=CIo 
=0.583Io 
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Then the light-receiving ratio in the assumption above mentioned is 58.3%. 
When the slope a 12 is not placed on the reflective svirface having the directional 
characteristic above mentioned, the light receiving ratio is given as the following. 
When a^ao- 

Io'= j^Ioy(x)dx 

where 

when a=l 

Io'=0,583Io 
when a>ao 

Io'=/ Ionx)dx 

as x(q:)>0 (a>ao) then 
Io'<0.583Io 

where a is the incident angle and ao is the angle formed by the light receiving point 
A and the end part of display surface as shown in Fig.9. 

Therefor the maximum hght receiving ratio in this case is 58.3%, and incident angle 
dependency appears. When a 12 is placed or on a perfect scattering surface, the incident 
angle dependency does not appear. 

In the next place, a case that diffusion light is used as illumination light, that is 
numerous point sources are arranged at the light incident part, is considered. It is 
supposed that the display surface receives 100% of hght from the hght soiu-ce for 
simplicity. 

When the reflective surface is a perfect scattering surface, defining that the range of 
light sources is d-^d+l, the range of display surface is w-^w+a as shown in Fig. 10, and 
luminous of light emitted from one point is II, light amount I! to reach point A after 
reflected is given as the following- 

lY^^'^ Ily{x)dx 

When r(x) is a function assumed as the same manner as parallel light mentioned 

above- 

ir=0.583Il 

Then reflected light amount 11' is : 

ir=ur=o.583ii • 1 
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where the relation between lo and II is Il=IoA 
Io'=0.583Io 

That is, the hght*receiving ratio is 58.3% in this case. 

In a case that a reflective surface having a directional characteristic as mentioned above 
is used, when a slope is set to be a 12 so that when incident light is headed from the 
center of light source range (d+i/2) to the center of display surface (w+a/2), the hght is 
leflected to point A, light-receiving ratios are calculated as the foUowings. 
As shown in Fig. 11, the angle 0 of light comes into any one point on the display surface 
(w-aO from d~d+l is expressed as the following: 

e = tan-i { ■ tan-^ { ^ \ 

Where Iv is light to be reflected in the vertical direction to the display surface^ 
lv=JlOTi(e)d6 

V(0) is a function of ©decided by a and 1, and when it is assumed that it has a 
characteristic as shown in Fig.4, the light receiving amount lo' is given by the following 
equation: 



lo'=£'" Ivr(x)dx 



6 at each point on the display surface is calculated as the foUowings respectively: 
6 Sit point w 



0=tan-i 
0 at point w+a/2 



d = tan-i ( ^ ^[A - tan-i f ^— rl 

\w + a/2j \w + a/2) 



6 at point w+a 



6 = tan-i f - tan-i { ^ \ 

yw-k- a ) yw-^- a) 



when d=a, l=a, w=a, for example, 
6 s 0.32 [rad] 

then range of w+a becomes substantially equal. 

Therefor, when 0=O.32[rad] is applied to 77(0), points w, w+a/2 and w+a are expressed 
as I, II, II in Fig. 12 respectively. 

That is, 77(0) changes in the range shown by oblique lines according to changes of a 
and 1, the average values of r){6) are: 
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In the case of I and II, the average value is 0.917 
In the case of II, the average value is 0.979 
0.917^ 77(0)^0.979 

Then 

Ivs0.917Io 
where7?(0)=O.917Io 

The light-receiving amount lo' is given as the following: 
lo'^f^J"" Ivy{x)dx 

=£'o.9nioy(x)dx 

=(0.917)2Io 
=0.841Io 

The light- receiving ratio in this case is 84.1%. 
When inclination of a/2 is not placed; 
Io'=0.583x 0.917 Xlo 
=0.535Io 

Then the light-receiving ratio is 53.5%. 



From the explanation above, light- receiving ratio of each condition can be expressed by 
the following chart. 





Perfect scattering surface 


Directional characteristic surface 


Having inclination 


Having no inclination 


Parallel light 


58.3% 


91.7% 


58.3% 


Scattering hght 


58.3% 


84.1% 


53.5% 



It is known from this chart that the light receiving ratio and the brightness of a display 
surface can be highly improved with placing directional characteristic and inclination. 
By placing directional characteristic and inclination, a display image having higher 
brightness can be obtained. 

The shape of reflective surface (12) is not limited to the triangle wave form, can be 
formed in circular conic or quadrangular pyramid. In these shapes, not only hghts from 
right and left direction, but also from 4 directions can be refracted in the vertical 
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direction. 

On the other hand, when there is an incident hght only from the left direction, a 
triangle wave form having a wider left side inclined plane can be formed. 
As for methods for forming a reflective surface (12) having a shape above mentioned, for 
example, setting thickness of the material forming the reflective surface (12) larger and 
trim it to form the shape, or forming the material in a staircase pattern with a plural of 
masks sequentially become smaller and perform chemical processing to form the shape. 
The refracted light can be projected on a screen through a lens system. In that case, as 
the direction of light source and light axis of the lens are confined, the angle of reflective 
surface (12) can be set to them correctly and more, as there is no need to consider 
shifting of view points, the reflective surface can be the perfect mirror surface. Then a 
displayed image having very high brightness can be obtained. In this case, as the 
projected hght is scattered on the screen, the image can be observed in wider angle. 

Advantageous Effect of the Invention 

According to the present invention, image-displaying having higher brightness can be 
obtained. 

Brief Explanation of Drawings 

Fig.l is a structural drawing of a viewfinder 

Fig.2 and Fig.3 are a structural drawing of one example of the present invention 
Fig. 4 to Fig. 12 are explanation drawings of one example of the present invention 
Fig. 13 is a structural drawing of another example 

(2) liquid crystal display device 

(11) hquid crystal 

(12) *'* reflective surface 

(13) *** protective glass 
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